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The suitability of scales for ageing Micropterus
salmoides was determined by comparing the precision
of growth zone counts on scales with those obtained
from sectioned sagittal otoliths from a sample of 496
fish collected from Wriggleswade and Mankazana
Impoundments in the Eastern Cape, South Africa.
Otoliths (1.4% rejected) were more readable than
scales (41.7% and 7.5% rejected) for Wriggleswade
and Mankazana Impoundments respectively. Otolith
readings were more precise (average percentage error
(APE) = 13.6%; coefficient of variation (CV) =
15.8%) than scales (APE = 18.0%; CV = 21.9%) for
the total sample. Growth zone counts between struc-
tures were not symmetrically distributed around the
agreed ages (otolith age = scale age) of the fish from
Wriggleswade Impoundment (Bowker’s test H2: Å2 =
136, d.f. = 27, P < 0.05) and graphical comparison
showed that scales tended to underestimate age,
particularly for fish older than five years. Scales are
therefore not suitable structures for ageing South
African M. salmoides which may attain ages of up to
13 years.
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Understanding the biology of largemouth bass,Micropterus salmoides Lacépède, in Africa is
important because they are alien and invasive
(Skelton & Weyl 2011). An important component
of biological research on fishes is the accurate and
precise estimation of age because this forms the
basis for determining rates of growth, maturity
and mortality (Campana 2001). In fishes, factors
which influence metabolic rates (e.g. temperature
or spawning) are reflected in the growth of calcified
structures such as scales and otoliths and result in
the appearance of alternating opaque and hyaline
growth zones (Fig. 1). These growth zones, when
counted, are used to estimate age (Weyl & Hecht
1999; Beamish et al. 2005; Britton & Harper 2005).
Otoliths are generally considered the most suit-
able structures for ageing fishes because unlike
scales, they grow continuously and are metaboli-
cally inert (Campana & Thorrold 2001). Otoliths
do however have the disadvantages that they
require the killing and dissection of the fish from
which they are collected and often require consid-
erable processing, such as sectioning, before
growth zones can be read. Alternatively, scales
have the advantages that they are easily collected,
do not require the sacrifice of the fish and can be
read without prior processing (Carlander 1987).
Scales are therefore a potentially useful structure
for ageing M. salmoides populations in situations
where non-destructive methods of sampling are
required. For example, scales would be useful for
ageing populations of M. salmoides during ecological
studies in small streams, such as the Blindekloof in
the Eastern Cape, where invasive M. salmoides
populations are small (Ellender et al. 2012) and the
removal of a sample of fish from the system would
alter the fish community and confound the study.
The use of otoliths for ageing African M. salmoides
populations has, however, become standard prac-
tice (Weyl & Hecht 1999; Beamish et al. 2005;
Britton et al. 2010) and it is therefore necessary that
the suitability of scales be evaluated prior to their
use as an alternative structure for ageing.
Results from comparative assessments conducted
in North America differ between localities. Some
studies showed good correlation between otolith
and scale based estimates of age (e.g. Heidinger &
Clodfelter 1987) while others demonstrated that
scales were only useful for ageing of younger fish
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Sammons 2006). As a result of such inconsistencies
it is important that the suitability of scales be eval-
uated on a regional basis. The aim of the current
study was therefore to evaluate the usefulness of
scales for ageing M. salmoides populations in the
Eastern Cape of South Africa by comparing age
estimates derived from scales against those from
otoliths.
For the evaluation, a total of 496 M. salmoides
were sampled from two impoundments situated
in the Eastern Cape Province, South Africa. A total
of 350 fish were sampled from Wriggleswade
Impoundment (32°35’35”S; 27°33’07”E, 1000 ha;
723 m amsl) and 146 fish were sampled from
Mankazana Impoundment (33°09’49”S; 26°57’09”E,
35 ha; 66 m amsl) by angling, gillnet and seine net.
It must be noted that M. salmoides colonized
Wriggleswade Impoundment from the inflowing
river when the impoundment filled in 1991. In
Mankazana Impoundment, M. salmoides were
only stocked in about 2006 (O.L.F.W., pers. obs).
Of the 350 M. salmoides from Wriggleswade (38–
575 mm FL), 193 were female, 145 were male, and
12 were unsexed juveniles. Of the 146 M. salmoides
(132–490 mm FL) from Mankazana, 80 were fe-
male, 64 were male and two were unsexed juve-
niles. Fish were killed by concussion followed by
destruction of the brain and measured to the near-
est millimetre fork length (FL). Once the fish was
killed the two sagittal otoliths were removed im-
mediately and cleaned. Then an average of three
scales were removed from between the lateral line
and the first dorsal spine on the left-hand side of
the body and cleaned.
Otoliths and scales were prepared and read
following recommendations by Weyl & Hecht
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Fig. 1. The two structures used to age Micropterus salmoides from the two impoundments in the Eastern Cape of
South Africa: a scale taken from a 4-year-old female of 359 mm FL (a) and an otolith taken from a 6-year-old female of
368 mm FL (b).
(1999) and Regier (1962). To enhance the visibility
of growth zones otoliths were burnt over a low
intensity ethanol flame until they were pale
brown; otoliths were then set in clear polyester
casting resin and sectioned transversely through
the nucleus (thickness 0.3 mm) using a double
bladed diamond edge saw and mounted on a glass
slide using DPX mountant. Otolith sections were
examined under a binocular microscope using
transmitted light at variable magnification
(×10–40) and pairs of opaque and hyaline growth
zones (Fig. 1) were counted with no reference to
the size of the fish. Scales were cleaned using
water and tissue paper, read at the lowest magnifi-
cation (×10) in order to reduce the bias created by
false rings (accessory checks) and other artifacts,
and annuli were only counted if common to two
or more of the scales viewed (Regier 1962). Each
sample was read three times (counted twice by
one reader with a one-week interval and once by a
second reader) without reference to the size of the
fish that the otoliths or scale was taken from. The
mode of these three readings was then adopted
for each structure as the estimated age for each
fish. If no mode could be calculated, or if one of the
samples was considered to be unreadable by one
of the readers, then the sample was discarded
from further analysis. Growth zone deposition
rate has been validated as annual for otoliths
(Weyl & Hecht 1999; Beamish et al. 2005) and scales
(Britton & Harper 2005) in African M. salmoides
populations, and in these populations in particular
by direct and indirect validation methods of
sagittal otoliths (Taylor & Weyl 2013). All counts
were therefore assumed to represent the esti-
mated age of the fish in years.
On comparison, otoliths were more readable
than scales with only 1.4% of otoliths being
discarded as unreadable in both impoundments,
in comparison 41.7% and 7.5% of the sample
collected from Wriggleswade Impoundment and
Mankazana Impoundment, respectively, could
not be aged using scales. Fish were also assigned
older ages using otoliths (13 and 4 years) than with
scales (6 and 3 years) in both localities. Otoliths
also yielded more precise estimates of age as indi-
cated by lower average percentage error (APE)
(Beamish & Fournier 1981) and coefficient of
variation (CV) (Campana et al. 1995) across all fish
—1 year old (Table 1). For both structures reading
precision tended to be lowest for one year old fish,
and increased with age.
A Bowker’s test (Bowker 1948) comparing the
more precise otolith age estimates versus the scale
age estimate showed that growth zone counts
were not symmetrically distributed around the
agreed ages (otolith age = scale age) of the fish in
the Wriggleswade Impoundment population (H2:
Å2 = 136, d.f. = 27, P < 0.05). Overall, only 19% of
otolith ages agreed with scale ages, 78% of scale
ages were lower than the otolith age estimates,
and 3% of the scale ages were higher than the
otolith age estimates. Scales therefore tended to
underestimate age for M. salmoides in Wriggles-
wade Impoundment where the population
included older individuals. In contrast growth
zone counts were symmetrically distributed
around the agreed ages of the M. salmoides from
the Mankazana population (H2: Å2 = 13, d.f. = 7,
P = 0.07), and 82% of otolith ages agreed with scale
ages, 4% of scale ages were lower than the otolith
age estimates, and 4.8% of the scale ages were
higher than the otolith age estimates. Scales did
not underestimate the ages of M. salmoides from
Mankazana Impoundment because most fish
were younger than four years.
Graphical comparison recommended by
Campana et al. (1995) demonstrated that the two
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Table 1. Comparing the accuracy of ageing Micropterus salmoides using scales (s) versus sagittal otoliths (o) by age
group in two impoundments in the Eastern Cape, South Africa
Statistic Total sample Age
0 1 2 3 4 5 6 —7
no 489 114 58 109 95 51 18 19 25
IAPEo 13.61 8.19 23.10 13.58 15.76 14.38 11.67 13.16 8.45
CVo 15.78 7.52 26.23 16.86 18.69 16.72 14.16 18.20 10.94
ns 338 130 50 73 52 23 10
IAPEs 17.97 4.10 35.20 24.45 24.51 22.76 19.40
CVs 21.89 3.77 38.73 30.02 33.88 30.16 27.52
structures yielded similar estimates of age until
fish were five years old, whereafter scale-based
estimates were consistently lower than those
obtained from sectioned otoliths (Fig. 2).
These results are consistent with those studies
conducted in North America that found that
scales tended to underestimate the age of older
individuals (Dietrich 1953; Maraldo & MacCrim-
mon 1979; Besler 1999; Long & Fisher 2001;
Maceina & Sammons 2006). The present study
therefore demonstrated that scales are not suitable
structures for ageing M. salmoides because popula-
tions may contain fish that are considerably older
(13+ years) than five years. Sagittal otoliths, in
which growth zone deposition rates have been
validated as annual in several African M. salmoides
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Fig. 2. Age estimates using scales versus otoliths around the one to one relationship (solid line) and the percentage
agreement (dashed line) between the two structures for Micropterus salmoides from Wriggleswade (a) and
Mankazana (b) impoundments in the Eastern Cape of South Africa. The 95% confidence intervals are given as error
bars for each mean scale age estimated for the respective otolith age, and the sample sizes for each otolith age group
are given at the bottom of each graph.
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populations (Weyl & Hecht 1999; Beamish et al.
2005; Britton & Harper 2005; Taylor & Weyl 2013),
should be used unless there is strong evidence that
the population is composed of young fish.
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